and PAULA HERTWIG ('14) , MORRIS ('14) and PINNEY ('18) . These workers have been concerned with the reactions of the nuclear material in these eggs, and have studied the reactions as expressed by abnormal mitosis, chromatin emission, failure of development, and uniparental inheritance. The present study is concerned with the reactions of the cytoplasm and its inclusions, the activities of the cell other than kinetic nuclear activities. The observations presented here supplement the reports of earlier workers, and the two types of observations taken together give a more nearly complete knowledge of the activities of the cell as an integrated system.
The extranuclear material of the cell has been divided by GATE,BY ('19 and '20) into the ground cytoplasm and its inclusions, which are the mitochondria, the GOLCI apparatus, yolk, fat, lipin, glycogen, pigment, excretion and secretion granules. These inclusions have been investigated in almost every category of animal and plant tissues. CowboY ('18) has collected the information concerning the mitochondria in his valuable monograph. The inclusions (mitochondria, yolk, and oil) of the egg of Hydractinia,'during its period of growth and differentiation, have been studied by BECKWITn ('14) who reviews other work on similar material. The GOLGI apparatus has been studied in many kinds of cells by many workers, and HIRSCHLER ('18) , in a paper on the GOL(~I apparatus in embryonal cells, has brought together the observations and stated the problems in that field. The first work on the cytoplasmic inclusions of fishes was done by CZERMAK ('01) , who speculated concerning the fate of the mitochondria which he saw during the maturation divisions of the trout egg. Au~AP ('13) was interested in the shape of mitochondria in the embryonal cells of fishes, and DCESBERO ('17) studied the form of the mitochondria in a number of fish embryos, including those of Fundulus heteroclitus. D~ESBERO'S observations on Fundulus extended trom the ninth hour after insemination. The present investigation is concerned with observations made on the cytoplasmic inclusions of teleosts during the cleavage stages of both normal and experimental embryos.
The experimental conditions under which the inclusions were studied were those caused by the activation of eggs by means of foreign sperm. TE~ENT ('22) has given a review of the process of development of hybrid individuals in which he has called attention to the matter of terminology in hybridization experiments. If we accept L~LLIE'S ( '19, p. 129) definition of fertilization as '% series of reactions which cannot be regarded as complete until full capacity for developmcnt and inheritance is attained by the zygote", it becomes confusing to use the term "cross-fertilization" for most cases of hybridization. TENNENT suggests the use of the term "cross-activation" which shall indicate that an egg has resumed development because of the entrance of a foreign sperm. After an egg has been "cross-activated", an "internal block" (L1LLIE, '19) may occur which prevents the fusion of the pro-nuclei, or, at later stages, either an early or a late "developmental block" (TE~NNENT, '22) may occur and cause failure of development. It is also possible for cross-activated eggs to attain "full capacity for development and inheritance", that is, to be truly cross-fertilized.
The study of cross-activated material has given data for the analysis of the normal behavior of the nucleus and chromatin, for the study of hereditary characters, and for grosser details of development. There has, however, with the exception of the work of GRAY ('13) , DONCASTER and GRAY ('13) , and of work done in this laboratory (TENNEI~T, '20 on Arbacia-Moira; HIBBARD, '22a, on Echinarachnius parma-Arbacia; and HIUBARD '22b, on Hipponi~e), been no investigation of the cytoplasm of cross-activated eggs. Such a study gives an opportunity to find out if a correlation exists between the reactions of the cytoplasm to the spermatozo6n and the development of the egg.
The aim of this study is fourfold: first, to identify the cytoplasmic inclusions which are pr(,sent in these eggs; second, to discover their normal reactions; third, to observe the effects of cross-activation upon the cytoplasm and inclusions; and, fourth, to determine the ignificance of the inclusions in cell metabolism and development.
It gives me great pleasure to acknowledge my appreciation of the direction and inspiration of Professor DAWD HILT TENNENT during the investigation. My thanks are due to Bryn Mawr College, and to Professor FRANK R. LILLIE for the privilege of working at the Marine Biological Laboratory, Woods Hole, Massachusetts.
Material and methods. I. Fi~hes used and notes on handling.

Fundulus ]~eteroclitus, FunduIus majalis, Menidiae meuidia notata,
and Ctenolabrus adspers~ls were the fishes used for this investigation. Of these, F~ndulus heteroclitus was the most abundant, and the other forms, when they were obtained, were crossed with it. The material was collected at Woods Hole during the seasons of 1920 and 1921. During the summer of 1920, Fundulu~ gave eggs from June 26 to July 28, and the season in 1921 was of ahnost the same duration, June 20 to July 29.
The eggs of Fundulus strip readily. Those of f. heteroclitus are smaller, clearer, less sticky, more viable, and usually more numerous than those of F. ma]alis. The sperm of F. ma]alis can be easily stripped, but it was more satisfactory to remove the testes from F. heteroclitus and tease in a few drops of sea water. 23* It was almost impossible to get Menidia in from the collecting places alive. On the one occasion when it was done successfully, the minnows lived in the aquaria for two days. The eggs are beautifully clear, but very sticky. Both eggs and sperm can be stripped.
Ctenolabrus females can be caught only in the afternoons and the eggs become stale over night. The delicate, clear eggs strip easily and the mature ones float. If eggs are stripped into a small finger-bowl half-full of water, the immature ones settle to the bottom and can be drawn off with a siphon.
The milt is abundant and is collected by stripping.
Insemination and stages used.
All inseminations were individual in order that the possibility of variation between individuals would be eliminated. The crosses were made in the following way. The eggs of a F. heteroclitus female, for example, were stripped into a clean, small finger-bowl which had been freshly rinsed out with sea water, and half of them were transferred to another small finger-bowl. The eggs of a F. majalis female, for example, were likewise obtained and divided. Sperm of F. heteroclitus was prepared by teasing the testes of a male in a few drops of sea water in a watchglass, and sperm of F. ma]alis was stripped into another watchglass. Half of the F. heteroclitus sperm was added to one dish of F. heteroclitus eggs and half to one dish of F. ma]alis eggs. The first dish served as control material for determination of the normal reactions of the F. heteroclitus male and female germ cells. The two remaining dishes of eggs were inseminated with the F. majalis milt. The eggs and sperm were mixed by gently shaking the dishes, and allowed to stand ten to fifteen minutes. At the end of that time, they were washed several times, the immature or damaged eggs were removed, and, if clumping had occured, the eggs were carefully separated.
The strictest precautions were taken to avoid contamination of the inseminations. Dishes and instruments were frequently sterilized by boiling, and all fish were washed in running fresh water before they were stripped. Control eggs which were not fertilized did not in any c~se develop.
The following crosses were made in the way outlined above: No accurate data were kept on percentage of development and very few crosses were carried beyond the thirty-two-cell stage. The number of eggs in each series was somewhat limited, and, in view of the great amount of data on the development of these teleost hybrids (NEWMAN, MOENKHAUS, MORRIS, PINNEY), it was thought unnecessary to make observations. Material was fixed for study at six stages; 1. thirty minutes after insemination, 2. one hour and thirty minutes after insemination, 3. twocell stage, 4. four-cell stage, 5. eight-cell stage, and 6. sixteen-cell stage.
Also, F. heteroclitus eggs were preserved before insemination, and at ten minutes and twenty minutes after species-insemination.
3Iethods of fixation.
The composition and methods of use of numerous fixing fluids for cytoplasmic work can be found in the standard books on technique (LEE, '21, GUYER, '17, and ~INGSBURY, '15 and, also, in COWDRY'S ('18) monograph and GATENBY'S ('19 and '20) papers on technique. Original references are cited in these works. I shall give here the methods which I used on my material. Material was also preserved in BOUIN's mixture and in CARNOY'S fluid for comparison.
1. CHAMPY fixation (GATENBY, "20, p. 290 ): a) Fix 24 hours in CHAMPY's fluid which is a mixture of 7 parts of 1% chromic acid, 7 parts of 3~ potassium bichromate, and 4 parts of 2% osmic acid. The fluid was made up each time just before using, b) Wash 1/2 hour in distilled water, c) Treat 24 hours with a mixture of 1 part pyroligneous acid rectified and 2 parts of 1% chromic acid. d) Wash 1/2 hour in distilled water. e) Treat 24 hours with 3% potassium bichromate, f) Wash in running water, or in frequent changes of water, for 24 hours, g) Dehydrate for 24 hours each in 35%, 50%, and keep in 70o o alcohol until dissected.
2. FLEMmINo-without-acetic or B~:~DA'S fixation (CowDRY, '18, p. 61 ): a) Fix 3 days in a mixture of 15 parts 1% chromic acid and 4 parts of 2o/ osmic acid. The fluid should be freshly prepared, b) Wash 1/2 hour in distilled water, e) Treat 24 hours with a mixture of 1 part pyroligneous acid rectified and 2 parts ]% chromic acid. d) Wash 1/2 hour in distilled water, e) Treat 24 hours with 3~ potassium bichromate, f) Wash in frequent changes of water for 6 hours, g) Dehydrate for 24 hours each in 35% and 50% alcohol and keep in 70% until dissected.
3. GAGE fixation for glycogen: a) Fix in frequent changes of 95% or 100~ alcohol for several days. 4. HELLY'S fixation (G(rYER, '17, p. 209 ): a) Fix 24 hours in a mixture of 2.5 grams potassium bichromate, 5.0 grams mercury bichloride, 1.0 gram sodium sulphate and 100 c.c. of water. Add5 c.c. formalin just before using, b) Wash 24 hours in frequent changes of water. c) Dehydrate for 24 hours each in 35o0 and 50% alcohol and keep in 70% until dissected. Ki~asnuRY ('15, p. 86) says to mordant for 4 days in Mg~LLER!S fluid after HELLY'S fixation.
5. KoPsc~ fixation (GATENBY, '19, p. 109 6. 3I/)LLER'S fixation (GuYER, '17, p. 210 ): a) Fix 3 weeks in a mixture of 25 grams potassium bichromate and I0 grams of sodium sulphate in 1000 c.c. of water. Change every two days for the first ten days and then whenever a scum appears. Keep in the dark. b) Wash in frequent changes of water for 24 hours, c) Dehx drate in 35(}~ and 50 ~ alcohol for 24 hours each and keep in 70~ until dissected.
7. RXGAUD'S fixation (COWD~Y, '18, p. 60): a) Fix for 4 days in a mixture of 4 parts of 3~ potassium bichromate and 1 part commercial formalin (40O/o) which must be neutralized by saturating with magnesium carbonate. 5[ake up the fluid just before using, and keep in a cool, dark place during fixation. The solution must be changed each day. b) Mordant 8 days in 3~o" o~ potassium bichromate, changing the solution every other day. c) Wash 24 hours in frequent changes of water, d) Dehydrate 24 hours each in 9 ~ ~o and 50~o alcohol and keep in 70~ until dissected.
4. Dissection, enbedding, sectioning, and mounting, On account of the difficulty of sectioning yolk, the blastodiscs were in most cases dissected free from the yolk. This was done when the material was in 70~/o alcohol. Needles were ground down to little knives, and at first all the dissections were made under a binocular or dissecting microscope. After the method was worked out, the dissection was more quickly done without magnification. The eggs constantly shifted out of the field, and much time was consumed adjusting the dish and focusing. With care, it was possible to make good dissections without magnification. A white or black tile, depending on the fixative, was found useful for contrast. The process was, however, a tedious one, and since it was desirable to study the blastodisc on the yolk in somc cases, a number of eggs were carried through after removal of the chorion. In the case of Menidia eggs which were carried up after removal of the chorion, many of the blastodiscs became detached as dehydration and clearing proceeded.
After dissection the material was passcd into 80% alcohol. From 80~ it was passed into 9500 for 1 hour, 100% for 1 hour, xylol for 30 minutes to an hour, 48 degree paraffin for 30 minutes to an hour, 52 to 56 degree paraffin for 30 minutes and, finally, embedded in 52 to 56 degree paraffin. All dehydration, clearing, and embedding was done at Woods Hole. Advantage was taken of bright, sunny days for this part of the work, and results have been perfectly satisfactory. All the sectioning and staining was done at Bryn Mawr.
Sections were cut 3 microns thick, and slides were made up in several different ways in each series. For example, on one slide would be mounted, in successive rows, the successive stages of a particular 
Methods of staining.
Many methods of staining are to be found in the references given under methods of fixation. Those listed below are the ones used on this material. In all cases GRUBLER dyes were used. I wish to express my thanks to Professor GEORGE LEFEVRE. of the University of Missouri, for the gift of some scharlach R and aurantia. My appreciation is also due to Miss SYLVA THURLOW who prepared some aurantia for me in the laboratory of Professor R. F. BRUNEL, Bryn Mawr College.
1. Anilin-fuchsin-methyl-green method of COWDRY (CowDRY, '18, p. 60): a) Pass slides down to water through graded alcohols, b) Stain with ALT-~A-~'S anilin-fuehsin which is a 10% solution of acid fuchsin in water saturated with freshly distilled anilin oil. The stain is ready after 24 hours and, if kept tightly stoppered, will last for months. To ~tain, cover the sections with the solution and heat until anilin fumes are given off. Cool for 6 minutes. The stain may be poured back. c) Rinse in distilled water as long as convenient. d) Pipette 1% methyl greeIt on to differentiate. The time of differentiation must be determined by trial, and is usually from 10 to 20 seconds, e) Rinse quickly in 95% and 100~ alcohol, clear in xylol, and mount in neutral balsam.
2. Anilin-fuchsin-thionin-aurantia metbod of KULL (GATENBY, ~20, p. 290): a) Pass down to water, b) Stain as above ina 10% solution of anilin-fuchsin. KULL used the original 20% solution, but the 10% is perfectly satisfactory. c) Rinse in distilled water, d) Counterstain for about 30 seconds in r~ saturated solution of thionin in distilled water, e) Rinse in distilled water, f) Differentiate in a 0.5~ solution of aurantia in 70~ alcohol for 15 to 30 seconds, g) Pass quickly through 100%, clear in xylol and mount in neutral balsam.
in methods 1 and 2 all of the fuchsin may be removed by the differentiating solution. In such cases the sections should be treated with 3Oo potassium bichromate solution for a few seconds before staining. In other material the fuchsin may be so intense that it cannot be removed during differentiation. This condition is due to excess mordantage, and should be corrected by passing the sections through a 1~ potassium permanganate solution followed by 5% oxalic acid. Time of treatment in these two solutions must be determined experimentally and is usually from 15 to 30 seconds. Both of these methods give beautifully distinct mitochondrial pictures, but the contrast in the second is superior to all except the REOAUD haematoxylin method. 6. Iron-alum-haematoxylin method of REGARD (CowDI~Y, '18, p. 61 ) and the scharlach 1~ method (GuY~R, '17, p. 235): a) Pass down to 70% alcohol, b) Stain 5 minutes in a saturated solution of scharlach R in equal parts of 70% alcohol and acetone. The solution should be filtered. The staining must be done in a closed jar to avoid precipitation of the dye. e) Rinse in 70% alcohol, d) Rinse in distilled water, e) Mordant 24 hours in 5% iron alum. f) l~inse in distilled water, g) Stain 24 hours in haematoxylin made as follows: Dissolve 1 gram of haematoxylin in 10 c.c. of 100~o alcohol and add 10 c.c. of glycerine and 80c.c. distilled water, h)Differentiate in 50/0 iron alum. i) Wash in running water for 20 minutes, j) Clear in glycerine, diluted about 1/a , for 30 miuntes, k) Mount in glycerine jelly. This is the most permanent stain that has been used, and it gives a striking contrast and brings out unsuspected lipin inclusions.
7. Sudan III (GuYEn, '17, p. 235 ): a) Pass down to o~ ~ alcohol, b) Stain in a ~aturated solution of the dye in 80~ alcohol for 10 minutes. Bell ('14) states that a large excess of the dye should be boiled with the alcohol, and that it should be freshly prepared, c) Wash rapidly in alcohol and mount in glycerine jelly. I used a solution of the d~'e saturated in the cold and obtained very poor results.
In general, the practice of making all possible combinations of fixatives and stains was followed. Although this may seem to be a timewasting process, it was adopted because of the wider range of information concerning the reactions of the inclusions which it made possible, and because this material had not been experimented on before. BELT. ('14) remarks that scharlach R following ekromatin gives no results. With this material the REGAVD-scharlach I~ and the CKAMPY-scharlach R combinations proved to be extremely valuable. It is, also, not impossible that negative results may be useful. Table 1 shows how the stains and fixatives were combined and the results obtained. FLEMMING-without-acetic (Chrom-osmic) Explanation : Y, yolk; F, neutral fat; L, lipin; M, mitochondria; G, reserve granules; C, ground cytoplasm; D, differentiation.
In addition to the methods listed above, BENSLEY'S copper-chromhaematoxylin (CowDRY, '18, p. 62) was tried without success. Intravitam staining with JANUS green in normal saline (1 in 20,000 parts) and neutral red in normal saline (1 ill 10,000 parts) was not successful. The stains were apparently unable to penetrate the chorion. Although the eggs developed perfectly normally in the solutions, there was never any trace of the stain to be seen in the blastodisc. All efforts to remove the chorion from living eggs failed. With the methods used, I have found no indication of any GOLG~ apparatus in this material. These methods do not include the impregnation methods of GOLGI and CAJAL. Also, I have been unable to demonstrate glycogen in these eggs.
Normal reactions in Fundulus heteroelitus eggs by Fundulus heteroclitus sperm.
If the living eggs of F. heteroclitus are observed before insemination, the surface has a mottled appearance because of the presence of what have been called surface yolk plates. Eggs fixed before insemination show clearly that this surface yolk is in the form of globules which are connected with the main yolk mass ( fig. 1 ). These globules appear identical with the central yolk after all fixatives and stains. After a ]~EGAUD-iron-alum-haematoxylin combination, there appears to be an outer layer of yolk, varying in width, which stains less intensely than the rest of the central mass, and with the same intensity as the globules. Some of the globules show signs of transformation before insemination, and this transformation, which appears to effect their solubility, continues after insemination ( fig. 2 ). The masses become invisible in the living eggs in from two to five minutes after insemination, but their remains can be seen in the preserved eggs at the thirtyminute stage. What becomes of these globules is not definitely known. The only change in the adjacent cytoplasm is the occurrence, occasionally, of somewhat larger mitocbondria. With scharlach R or crystal violet after ]~EGAUD fixation, bodies of a lipin nature are revealed in places where the yolk globules have nearly disappeared. At the thirty-minute stage there is often found on the outside of the blastodisc, and closely applied to it, a layer of material which stains in the same way as the surface yolk globules ( fig. 12 ). Furthermore, if the eggs are stained for lipins, a layer which takes the scharlach R may be shown on the outside of the blastodisc. Some of the material which so closely resembles the unchanged yolk globules may be connected with this external lipin ( fig. 9 ).
In eggs preserved in FLE~IXG-without-acetie before insemination, one finds both almost completely blackened fat drops, and drops in which the centers are blackened and surrounded by a reticulated layer ( fig. 6 ). In the REGAUD material followed by scharlach R, one finds spaces enclosed with lipin ( fig. 8 ). These reactions indicate that large neutral fat drops surrounded by lipin material are present in the yolk. There are smaller lipin envelopes and spheres near the surface of the yolk, and spheres alone in the cytoplasm. The small lipin spheres, those deep in the yolk as well as those in the cytoplasm, sometimes contain smaller drops which stain deep red with the seharlach 1~ ( fig. 10 ). These smaller drops seem to lose their staining capacity and to fuse to form an unstainable core in the lipin sphere. Information gained from the study of the egg of F. ma]alis indicates that these dark red drops are closely allied to neutral fat. I interpret this evidence as indicating that neutral fat is formed within the lipin spheres under certain conditions. Scattered through the cytoplasm at all stages are the reserve granules. The fact that a few of these granules are slightly colored by scharlach R indicates that they contain a lipin element. The others range from those staining like yolk to those staining like mitochondria, and various combinations of the yolky and mitochondrial materials occur in these (Table 1) . These facts made a determination of their character very difficult, but I have reached the tentative conclusion that they represent a temporary reserve of food material. The reasons for this decision will be brought out in the discussion of the observations on all of the crosses. In the earlier stages, the granules are concentrated in the blastodisc near the yolk ( fig. 19 ). As the egg develops, they decrease in number1), and, in the eight-and sixteen-cell stages they are arranged around the periphery of the blastomeres.
During development the yolk is transformed into cytoplasm. This transformation takes place at the junction of the cytoplasm and yolk, and is more rapid under the region of the blastodisc and around its margin. In the area of transformation, the yolk loses its ability to retain haematoxylin and crystal violet, and the outlines of the individual yolk plates become visible ( fig. 10 ). The appearance of the zone is that of an emulsion. The plates range, in a haematoxylin preparation, from black or brownish to gray ones that blend directly into the ground cytoplasm. This is exactly a reversal of the staining reactions of the yolk as it is built up in the egg of Hydractinia (BECKWITH, '14) . Mitochondria appear in the cytoplasm as it is formed from the yolk.
It is often noticeable that the new cytoplasm formed under the blastodisc stains more ligthly than the older cytoplasm of the blastodisc. In this new cytoplasm occasionally there are scattered areas, circular in outline, which may stain even more intensely than the old cytoplasm. Mitochondria are more abundant in these areas than in the surrounding new cytoplasm ( fig. 12 ). In some parts of the region in which yolk is being transformed to cytoplasm, lipin spheres are lacking; in others, small spheres are scattered among the yolk plates; and, in still others, lipin spheres occur in the blastodisc adjacent to the yolk ( fig. 11) . Usually, the transformation of yolk in the region of the blastodisc occurs with very little indication of lipin. CH),MPu fixation reveals a few very small fat drops in the area of transforming yolk.
At the edge of the blastodisc and under the thin layer of cytoplasm which covers the yolk, lipin spheres are always present both in the cytoplasm and in the yolk. This envelope of cytoplasm has a capacity for very deep staining and the mitochondria in it are larger than those of the blastodisc proper, or of the new cytoplasm beneath the blastodisc ( fig. 12 ). New cytoplasm which is like this cytoplasm of the envelope is also formed in the yolk around lipin spheres. The yolk surrounding these spheres is transformed to cytoplasm which has a very deep staining capacity and which contains very large mitochondria ( fig. 8 ). This new cytoplasm is packed with small drops which range in intensity of staining from the gray of the ground cytoplasm up to the blueblack which is characteristic of the mitochondria ( fig. 7 ). There is no intergrading from the lip!n spheres to mitochondria in the new cytoplasm, and mitochondria are not aggregated around the lipin spheres of the blastodisc ( fig. 11 ).
The mitochondria, which are granular in form, are scattered throughout the cytoplasm before insemination, and, as far as the development was traced, they retain a practically even distribution. As has been mentioned, the mitochondria of the superficial layer of cytoplasm are larger than those of the blastodisc ( fig. 12 ). In the relatively few cases which I had for comparison, I believe I detected in the cytoplasmic envelope at ten minutes after insemination, a decrease in the number of mitochondri~ as compared with the envelope before insemination. The mitochondria in the zone of forming cytoplasm are larger and less numerous than those of the blastodisc proper. No variation in size or number of mitochondria is detectable in the blastodiscs of the different stages. one-half hours after insemination. There is a difference in appearance of the area of transfornfing yolk at this time, in that it gives the effect of a finer emulsion and contains more mitochondria ( fig. 22 ). The yolk is also being transformed much more rapidly than it normally is. This comparison is based on the depth of the area of transformation. Large areas of new cytoplasm, which give the impression of being suspended from the blastodisc, are found in this emulsified zone of yolk ( fig. 21 ). These areas are packed with very fine mitochondria and stain more deeply than the old cytoplasm of the blastodisc. Smaller areas of this kind were described for the species-activated egg.
The cytoplasm of the blastodisc proper has an increased staining capacity which is demonstrated by acid fuchsin or crystal violet after fixation in FLn.~[.~ING-without-acetic. The cytoplasmic envelope bears the same relation to the blastodisc as it does in the species-activated eggs, that is, it stains darker and contains larger mitochondria. :No increase in the neutral fat or in the lipin content of the blastodisc is apparent. However, an increase in the number of reserve granules is noticeable at the four-cell stage. With the exception of some indication of a greater tendency to tinge with scharlach 1~, the granules have the same staining reactions that they have in normal eggs.
b) E//ecl o~ Menidia menidia notata sperm.
There is no visible difference between the species-activated and the Menidia-activated eggs of F. l~eteroclitus.
c) E//eet o/ Ctenolabrus adspersus sperm.
The variation from the normal becomes evident in this cross at the two-cell stage when the transformation of yolk becomes very rapid. The area of transformation does not, however, extend so deep as it does in the eggs activated by F. ma]alis. At the time of the increase in the rate of transformation of yolk, the blastodisc becomes filled with reserve granules. The new cytoplasm is much more deeply stained than the old which is crowded with reserve granules at the four-cell stage ( fig. 10 ). No tinge of scharlaeh R has been observed in the granules of this cross.
Lipin spheres occur in these eggs in the zone of yolk transformation and in the blastodisc proper. They are all characterised, at all stages, by the interal dark red granules which were described for some of the lipin spheres of the normal eggs. Many of the lipin spheres have nonstaining cores in addition to the dark red granules ( fig. 10 ).
Reactions in Fundulus majalis by Fundulus majalis and by Fundulus
heteroclitus.
a) Fundulus m(t]alis eggs by Fundulus ma]alis sperm.
None of these eggs was carried up without dissection, and, for that reason, observations on the yolk are not so complete as those for F. heteroclitus. Enough information was gathered from incomplete dissections to justify some statements. There is no indication of any surface yolk such as is found in the surface yolk globules of F. heteroclitus eggs. Drops of neutral fat and lipin spheres occur in the yolk, but apparently in much less quantity than in F. heteroclitus. The transformation of yolk to cytoplasm is confined almost entirely to the region under the blastodisc, with very little indication of transformation under the cortical layer of cytoplasm. No lipin spheres are found in the cortical layer or in the adjacent yolk, and no increase in the staining capacity of its cytoplasm or in the size of the mitochondria is noticeable.
The cytoplasm of the blastodisc appears to have a greater affinity for haematoxylin than the cytoplasm of F. heteroclitus, and contains fine, evenly distributed mitochondria. The reserve granules arc very numerous and some tinge with scharlach R.. After fixation with FLEMMINGwithout-acetic and CHAMPY'S fluid, neutral fat is revealed in the blastodisc as small, rounded, brown masses, which may be separate drops, or accumulations of drops "around clear spaces, or aggregations of drops ( fig. 4) . Others of the fatty masses are irregular in shape. The reserve granules and the fat drops of the early stages are always localized near the yolk and the upper part of the blastodisc is almost free from them. In CHAMPY material, the fat drops appear like the GOLGI appa-ratus described for many kinds of cells ( fig. 5 ). In the REGAUD material no trace of any of these fat masses is to be seen. Over the area of most rapid transformation of yolk, the fat drops are pushed away and reserve granules accumulate before cleavage ( fig. 20) . As the blastodisc rounds up and cleavage begins, the fat drops and reserve granules become uniformly distributed ( fig. 17) . Very little lipin is found in the blastodisc at any stage. This fact, in connection with the observations set down in the next section, would seem to indicate that the neutral fat drops are not being transformed in these cleavage stages. I am unable to detect any decrease in their number.
b) Fundulus majalis egg by Fundulus hetroclitus sperm.
This material gives the most striking instance of the effect of the entrance of a foreign sperm on the cytoi)lasm of an egg. In the blastodisc, thirty minutes after insemination ( fig. 14) , the fat drops are stained red with scharlach 1~ after CHAMeY fixation. Where the drops are accumulated, the inner part of the mass is brown. Also a great increase of lipin in the area of transformation of yolk and an increase in the number of reserve granules that tinge with scharlach R is observed. At the four-cell stage, ]ipin spheres appear in the blastodisc, and ~.he drops of neutral fat are scarlet. Toward the periphery of the blastodiscs the fat drops are still brown. In the eight-and sixteen-cell stages, the cells are very unlike ( fig. 13 ). In some of them, the neutral fat is practically unchanged, while in others, the fat is nearly gone and the whole cell is filled with lipin. A large amount of lipin is found in the area of transforming yolk, and in the intercellular spaces.
There is some indication that the transformation of the yolk is occurring more rapidly than in the normal eggs, but, because of the removal of the yolk from the majority of the blastodiscs, the observations are inconclusive.
In FLEMMIYG-without-acetic material, the lipin is not preserved ( fig. 18) . Most of the va.cuoles present probably represent lipin spheres. After REGAUD fixation, the neutral fat is not preserved, and all that can be made out is an increase of the lipincontent. Comparisons with REGAUD material show an increased staining capacity of the cytoplasm.
The study of this material proves conclusively that the neutral fat is transformed to lipin. In the first visible step in this change, the fat drops stain deep red, the same dark red that occurs in the drops which are found in the lipin spheres under certain conditions. In later stages scarlet lipin drops replace the dark red drops. It is upon these facts that I base my interpretation that the dark red drops of the lipin spheres represent a stage in the formation of neutral fat within the lipin spheres.
Reactions in)Ienidia menidia notata by Menidia menidia notata and
by Fundulus heteroclitus.
a) Menidia menidia notata egg by Menidia menidia ~otata sperm.
The only Menidia eggs that were obtained were fixed in ]~EGAUD. Therefore, the range of information is not so great as in the other crosses.
The yolk is very much the same as in F. heteroclitus. There arc large, ]ipin-enclosed spaces, and in connection with some of these, cytoplasm which stains intensely. Lipin is found in the cortical layer of cytoplasm and in the adjacent yolk. The zone of transforming yolk is very narrow for the most part, and the area of most rapid transformation is under the center of the blastodisc.
The ground plasm has a greater staining capacity in Menidia than in F. heteroclitus or F. majalis, and in the cortical layer stains more deeply than in the blastodisc proper. In the blastodisc, the mitochondria are very finely granular. The mitochondria of the cortical layer are larger than those of the blastodisc. The blastodisc contains a few reserve granules but ahnost 15o lipin ( fig. 16 ).
b) Menidia menidia notata egg by Fundulus heteroclitus sperm.
I was unable to distinguish any divergence from the normal in the lipin content or in the manner of yolk transformation in the Menidia egg activated by F. heteroclitus sperm. However, a difference in the reserve granules is noticeable. Many granules, shading from gray to black, are found in the blastodisc over the area of most rapid transformation of yolk. These granules do not extend to the edges of the blastodisc. After cleavage begins, this difference in granular content is not noticeable. When material on the same slide is compared, the experimental material is seen to be more lightly stained than in the control eggs.
Reactions in Ctenolabrus adspersus by Ctenolabrus adspersus and
a) Ctenolabrus adspersus egg by Ctenolabrus adspersus sperm.
The material, which in these eggs occupies a position similiar to that of the yolk of the other eggs, has none of the fixing and staining reactions exhibited by that yolk. In sections of FLEM~llNG-withoutacetic and RECAUD material, it appears as almost colorless, flocculent material surrounded by the cytoplasm. The presence of neutral fat or lipin in this material has not been demonstrated, and I observed no indication of transformation in it.
Material which fixes and stains like yolk is distributed throughout the blastodisc. It does not occur in the form of plates or globules, but is found ill irregular masses ( fig. 15 ). After the two-cell stage, this substance gradually become indistinguishable from the cytoplasm and vacuoles appear. The cytoplasm contains mitochondria which are about the size of the large mitochondria of the cytoplasmic envelope of the F. heteroclitus egg. There are a few small drops which stain dark red with scharlach R. No reserve granules are found. The cytoplasm stains very intensely.
b) Ctenolabrus adspersus egg by Fundulus heteroclitus sperm.
These eggs differ from the species-activated eggs of Ctenolabrus in the appearance of the yolky material of the blastodisc. Loose globules are separated from the masses of yolky material and seem to undergo transformation, while the remainder of the yolky masses seem to undergo no transformation. At two and one-~aalf hours after insemination, the yolk and the cytoplasm contain many vacuoles (F!g. 3). The tendency toward intense staining and difficult differentiation of the cytoplasm is pronounced.
Smnmary of observations.
1. The cytoplasmic inclusions of the eggs of teleosts have been identified as mitochondria, yolk, neutral fat drops, lipin spheres, and reserve granules.
2. In the species-activated eggs of F. heteroclitus, the yolk is transformed into cytoplasm in which mitochondria appear. Neutral fat is apparently not included directly in this transformation, bat in many cases the drops of neutral fat become enclosed by a layer of lipin, and cytoplasm is formed in the yolk surrounding these structures. Lipin spheres regularly occur in the cortical layer of cytoplasm, and some times occur in the area of transforming yolk under the blastodisc, or in the blastodisc itself. Those ]ipin spheres, which are removed from the area of transforming yolk, often show indications of internal change. The ground cytoplasm has a greater affinity for stain, and the mitochondria are larger, where lipin is associated with the transforming yolk. The small granular mitochondria, scattered uniformly throughout the blastodisc, are not accumulated in the region of lipin or yolk masses, nor do they vary, appreciably, in number from stage to stage. There is some indication that a decrease in the number of mitochondria occurs in the cytoplasmic envelope during the ten minutes immediately following insemination.
3. The effects of foreign sperm upon the eggs of F. heteroclitus can be detected in an increased rate of transformation of yolk, an increased number of reserve granules in the blastodisc, more numerous lipin spheres, and a change in the composition of the lipin spheres associated with formation of neutral fat. 4. The yolk mass of F. majalis is essentially the same as that of F. heteroclitus, except that it apparently does not contain so much neutral fat and lipin. The area of transformation of yolk is practically limited to the region under the blastodisc. The blastodisc contains neutral fat in the form of small drops which are sometimes massed together. There are more reserve granules than in the eggs of F. heteroclitus, and these are most numerous over the main portion of the zone of transforming yolk. Almost no lipin occurs in the new cytoplasm or in the blastodisc, and the neutral fat is apparently not being used in these early stages of development.
When the egg of F. ma]alis is activated by the sperm of F. heteroclitus, the neutral fat drops of the blastodisc show signs of being transformed into lipin as early as thirty minutes after insemination. This transformation of neutral fat to lipin goes on until, in the eight-and sixteen-cell stages, certain cells are filled with lipin, and the neutral fat is no longer to be seen. Lipin is also very abundant in the area of transforming yolk and is found between the blastomeres.
The Menidia egg is like that of F. heteroclitus as regards content
of neutral fat and lipin in the yolk and in the cortical layer of cytoplasm. There is almost no lipin in the blastodisc. The blastodisc contains many fine mitochondria and few reserve granules.
The only changes which the F. heteroelitus sperm produces in the Menidia egg axe an increase in reserve granules before cleavage begins, and a general decrease in staining capacity of the cytoplasm.
The eggs of Ctenolabrus adspersus contain no neutral fat, very
little lipin, and no central yolk of the nature of that occurring in other eggs studied. The blastodisc contains irregular masses of yolky material and large mitochondria. The central material has not been identified and nothing was learned of its activities. Th'e egg is very difficult t(~ stain differentially.
The sperm of F. heteroclitus does not produce a very pronounced modification of the process of transformation of yolk occuring in speciesactivated Ctenolabrus eggs.
Discussion.
There is usually a tendency among workers in one line of investigation to be skeptical about the methods of those in other lines. It is for this reason that I wish to advance reasons for the belief that the results of a cytological study can be interpreted from the point of view of cell metabolism. It is essential that it be established that the inclusions revealed in the cell are not artefacts, but that they are definite substances about which a great deal of information is to be had from biochemical and other studies.
BAYLISS ('20, p. 16) , in discussing the question of the interpretation of fixed material says, "This much, of course, is clear, that there must have been something present in the living cell to give rise to the fixed structure; although, without further evidence, we cannot assume that there is any similarity between the two".
Let us look for a moment at the "further evidence" on the inclusions. The mitochondria can be seen in tissue cultures (M. R. and W. H. LEwis, '15) , and can 1)e specifically stained in living cells by JANVS green and certain other dyes (ScoTT, '15; COWD~Y, '16}. The mitochondria, in material which has been carefully fixed and stained, appear as bodies of the same size and shape in the positions which they occupy in the living cell. The yolk of the living fishegg is such an obviously visible part of the egg that no one could doubt its identification in the fixed egg. The question of the staining and identification of fats has received much attention from histologists and pathologists. J. LORRAIN S~IITtt and his collaborators ('08, '10, and '11) have investigated pure fatty substances and known mixtures of fats with respect to their fixation and their staining reactions, and have compared the results with the reactions in fixed and stained tissues. The same conditions and reactions hold for the tissues as for the chemical experiments. BULLARD (q2) arid BELL ('14) have compared fixed tissues with frozen sections, and have found fat drops of the same sizes in the same positions in both types of material. I believe that there is adequate evidence for the belief that, as regards the inclusions with which I am chiefly concerned, the mitochondria, yolk, and fatty substances, the material seen in properly fixed cells and the material which exists in the living cells is identical. I also believe that anyone who will learn the use of the microchemical tests which I have employed, and who will look into their soundness as chemical tests, will be convinced that they are reliable.
It must be admitted that a complete picture is not obtained from The "phases" include the differentiated cell parts and the metaplasm, such as the fat, glycogen, and all other deposits of similar character. Hopkins brings out the fact that metabolism must be considered to deal with simple molecules which undergo ordinary chemical reactions catalyzed by colloidal enzymes. Since enzyme action is reversible, it is logical to assume that all the reactions of the metabolism of the cell are reversible, that is, that a compound may be built up and broken down in the same series of steps.
The two phases of the cell metabolism which have been selected for this study of the developing egg are yolk and fatty substances. I shall consider first the reactions which take place in the fatty system.
In the eggs of F. heteroctitus there are large drops of neutral fat which are revealed by blackening with osmic acid. Around many of these there are clear spaces which separate the black mass from the yolk. After twelve days' chromation (REGAUD'S fluid) followed by staining in scharlach t/, large spaces, enclosed by lipin material, are found in the yolk. The fixing action of both osmic and biehromate depends upon the presence of an unsaturated group in the fatty molecule. Most, of the fatty substances of the tissues contain such a grouping, but the neutral fats are acted upon very slowly by bichromate. They react if mordanted with high concentrations, or for long periods, while the lipins and cholesterol are more quickly oxidized. This difference forms the basis of both the WEIGERT and MAaCHI methods for the study of degenerating nerve sheaths, and it explains the differing reactions of the neutral fat drops and the lipin spheres after CHAMPY fixation. SM:TH and coworkers ('08 and '10) believe the reaction of lipin depends upon an admixture of cholesterol in very small quantities, or upon the presence of cerebroside. Both the neutral fat drops and the lipin spheres are probably mixtures of various members of their respective groups.
In the eggs of F. majalis activated by sperm of F. heteroclitus, the neutral fat drops become transformed almost completely to lipin spheres during the cleavage stages (CHAMPY fixation). At the first visible stage of this reaction, the drops stain a very deep red with seharlach 1R. In species-activated F. heteroclitus eggs, this same red is seen in droplets enclosed in lipin spheres which may occur deep in the yolk or in the blastodisc. In the F. heteroclitus eggs activated by Ctenolabrus sperm, all the lipin spheres contain these dark red droplets and many contain colorless cores. The only explanation of these observations is that within these developing eggs, neutral fats are transformed to lipins and lipins are transformed to neutral fats.
Observations indicate that the only change that the neutral fat undergoes is a transformation to lipin. The lipin may undergo transformations other than the one to neutral fat. in the yolk around lipiu spheres the formation of cytoplasm very often occurs, and this cytoplasm has a reaction to stains which is different from that of the cytoplasm formed from the yolk alone. The lipin has been incorporated into the cytoplasm. The reactions in the fatty system could be designated as follows : neutral fat :,~ lipin -,-cytoplasm. MAC LEaN and WILLIAMS ('09) point out that the greater part of the so-called fat obtained from tissue is phospholipin (phosphatide), and that the greatest part of this lipin material is phospholipin combined with protein. The "neutral fat --is present as stored fat" (p. 456). They believe that there is a small quantity of free lipin present as a stage in its passage to combination. They state (p. 460) that it "cannot be doubted that one of the steps which ordinary fat undergoes in the cell is a transformation into phosphatide". The work of MATSUOKA ('15) on the histology of adipose tissue confirms this relation between neutral fat and lipins. He found that, in fully developed fat cells, there was only a neutral fat reaction, while, in developing fat cells and in fat cells which were undergoing atrophy, there was a distinct lipin mixture with the neutral fat. He notes (p. 122) that, "The nearer the fat cells are seen to the beginning of development, or the more they have atropied, the richer is the mixture of fats and lipoids which they show".
I shall return to a further consideration of the reactions of the fat phase after a discussion of the reaction of the yolk phase. CO.N'KLIN ('12) brings out the fact that, during the cleavage stages of the developmerit of certain molluscs, there is an increase in the amount of cytoplasm at the expense of the yolk. The present observations on the eggs of teleosts show that, at the junction of the cytoplasm and yolk, the yolk is transformed into cytoplasm. This transformation consists, visibly, of a loosening of the yolk with the result that the area presents the appearance of an emulsion. There follows a gradual blending of this material into new cytoplasm which contains mitochondria. Certain areas of this new cytoplasm stain more deeply and contain more mitoehondria. The general characteristics of new cytoplasm formed under the cortical layer, and of new cytoplasm formed around lipin spheres, are more or larger mitochondria, and a capacity for very deep staining.
The chemistry of the mitochondria has been studied from many points of view. COWDRY ('18) assembles the evidence, all of which points to the conclusion that mitochondria are a combination, somewhat variable, of phospholipin and albumin. The work of SMIT~ and MAWR ('11), on the staining of known substances, is of interest in this connection. They found that short treatment with bichromate rendered lecithin and sphingosin (sphingomyelin [?]) insoluble, and that the insoluble compounds could be stained with acid fuchsin. During tile chromation, some lecithin is hydrolyzed, and the fatty acid formed reacts with basic anilin dyes. Lastly, they found that lecithin stains with haematoxylin if any admixture of cholesterol is present. FAUR~::-FREMIET, MAYER, and SCHAEFFEI~ (']0) concluded from their investigations that mitochondria contained what was probably an unsaturated fatty acid, which was present in the albuminous-lipin compound and was responsible for its staining reactions.
Mitochondria are of universal occurrence in the cytoplasm of both plants and animals. CowDRY ('18, pp. 78--82) reviews the literature on the amount and variations in the various types of cells. Many investigators have reported correlations between mitochondria and other cell components. Some have reported direct changes of mitochondria into yolk and fat. Others have been careful to say that they could observe no actual transformation of mitochondria. My observations on the mitochondria give no indication that they transform into any cell inclusion or that they are formed from any cell inclusion. They appear in the cytoplasm as it is formed from yolk, and as far as development is traced, there is no variation in quantity, size, or the uniformity of distribution throughout the blastodisc or the blastomeres. The variations which have been observed are four. First, in the cytoplasmic envelope of the species-activated eggs of F. heteroclitus and Menidia, there are larger mitochondria than there are in the blastodisc. Second, the mitochondria are larger in the cytoplasm which is formed in the region of lipin-enclosed spaces (transforming neutral fat drops). Third, certain areas in the main zone of transforming yolk contain more mitochondria than the surrounding new cytoplasm. Fourth, a decrease in the number of mitochondria in the cortical layer occurs in the ten minutes immediately following insemination.
The modern conception of cytoplasm is that it is an emulsion colloid of the type that FISCHER and ]=[OOKEI~ ('17) call an oil-in-hydratedcolloid emulsion. In connection with the first three of the variations in mitoehondrial content an increase in the general staining capacity of the cytoplasm is observed. VoN MOELLENDORFF ('17) has established a correlation between emulsified lipins and diffuse staining of cytoplasm. I interpret the increased staining in my material as indicative of increased lipin content of the cytoplasmic emulsion. In the first two eases there is free lipin associated with the cytoplasm. A source for the third variation is not so obvious, but COGH:LL'S ('15) observations seem to point to a difference in the composition of the yolk granules, and BECKW:T~ ('14) In general what does the quantity of an inclusion indicate ? HoP-KINS ('13, p. 218) says:
"If one substance be changing into another through a series of intermediate products, then as soon as dynamical equilibrium has been established in the series, and to such equilibrium tissue processes always tend, the rate of production of any one intermediate product must be equal to the rate at which it changes into the next... Else individual intermediate products would accumulate or disappear, and the equilibrium be upset... Thus the relative concentration of each intermediate substance sharing ~in the dynamic equilibrium.., will be inversely proportional to the velocity of the r~action which alters it."
Considering the mitochondria from this point of view, it becomes evident that they can be interpreted as representing the equilibrium of the cell with respect to lipin content. That is, the lipin which enters the cytoplasmic emulsion becomes combined with protein. If the transformation of proteindipin material is not equal to its formation, an accumulation of the compound will occur, and after a certain accumulation has occured, that is, when the cytoplasm has become saturated, it becomes precipitated out as mitochondria. This degree of saturation with lipin material is evidently typical of the cytoplasmic system. If we summarize the discussion up to this point, the reactions of the two phases under discussion would be as fo]lows:
,OLK *'I
MITOCHONDRIA
The reasons for the variations in mitochondrial content can be easily explained on this assumption. First, activities involving transformations of constituents for the purpose of liberating energy cannot be assumed to be so numerous in the cytoplasmic envelope as in the blastodlse. Therefore, since transformation of yolk is occuring in that region, an accumulation of substances results in precipitation of more mitochondrial material. Theoretically, an increase in protein content of the cytoplasm would cause an increase in the mitochondrial content if an abundance of lipin were present. However, we have no microchemical test for protein which can be used in connection with tests for lipins. It is probable that in the case of transformation of yolk under the cortical layer of cytoplasm, an increase in the protein content res~flts. Second, cytoplasm with greater lipin content is being formed; it is isolated from the blastodisc ; this prevents equalization by mixture ~,ith other cytoplasm and lessens the transformation of material either as sources of energy or in the course of syntheses. Third, a decrease of mitochondria occurs in the cortical layer during the first ten minutes after insemination. In that time the fertilization membrane has been formed, involving sudden expenditure of energy which must have been made available by transformation of cytoplasmic reserves. The cytoplasm has not had time to recuperate its resources from the yolk, and mitochondria have gone back into solution.
In connection with the first two mitochondrial variations, the staining of the ground cytoplasm varies strikingly. I have ascribed this as being due, at least in part, to free lipin in the emulsion. Along withthe increase in mitochondria and depth of staining of the cortical layer, many lipin spheres are found. This lipin is not the result of transformation of neutral fat because no neutral fat is present in many of the regions where this free lipin is found. I believe that the relative lack of transformation of cytoplasmic materials causes first an increase in lipin which combines with protein and results in an increase of mitochondria. Next results an increase in free lipin in the cytoplasmic emulsion which causes a more intense staining of the cytoplasm. A still further accumulation of lipin causes saturation of the emulsion, and lipin st)heros are formed. The lipin spheres which occur occasionally in the are~t of yolk transformation under the blastodisc and in the blastodisc of certain forms represent the same state of equilibrium.
M.&Y~:l~, R.ATU~RY, and SCHAE~FER ('14) , who carried out supplementary cytological and biochemical experiments on hepatic cells, were able to imluce both an increase and a decrease in phospholipin content. Corresponding to the increase in phospholipin content, the cells, in the first stage, show an increase in the size of the mitochonch'ia; in the second stage, an increase in the general staining of the ground cytoplasm; and, in the third stage, the whole cell gives a strong lipin-staining reaction. In the cells in which analysis showed a decrease in phosphohpins, ahnost no stain was retained by the cytoplasm and the mitochondria were almost completely gone. They regard the mitochondria as reversible formations which are responsible for the mechanical and physicochemical equilibrium between the proteins, phospholipins, and water which exist in the protoplasmic emulsion. They reject all the theories of direct transformation of mitochondria into other inclusions, and attribute to them the functions of oxidation and reduction. This is probably the most generally accepted function of the mitochondria (CowboY, '18, p. 133) , and rests upon their widespread occurrence and the fact that they contain phospholipins and fatty acids, compounds with double bonds. But the same points hold for cytoplasm in general, and it seems to me, the colloidal phospholipins and fatty acids are far more likely to be concerned with respiration than the relatively coarse granules which are the mitochondria. I regard the mitoehonch'ia as reserve phospholipins in combination with proteins, precipitated out of a cytoplasmic emulsion which is normally sat urated with their constituents.
The results of THURLOW ('17) , who made a quantitative study of the mitochondria in nerve cells of the nuclei of the cranial nerves, seem very significant. "In the animals studied the number of mitoehondria per unit volume of cytoplasm was found to be constant for corresponding cells, not only of the same animal, but also of different individuals of the same species" (p. 42).
The quantity was found to be greatest per unit volume in the cells of the mesencephalie nucleus of the fifth and the motor nucleus of the fourth, and least in the cells of the nuclei of the tenth and twelfth cranial nerves. If we consider what is known of the functions of these nuclei, the possibility of a correlation of mitoehondrial content with degree of functional activity becomes evident. BECKWlTH'S report ('14) that, in the growth period of the egg of Hydractinia, no mitochondria are present until the yolk spheres are well developed, lends strong support to my idea that mitoehondria are the result of a cytoplasmic equilibrium depending on the activities of the cell.
The explanation of reserve granules is very difficult beeause there is no reaction which positively identifies these bodies with either of the two metabolic phases. It is possible that they represent excretion granules, and their peripheral arrangemefit in the later blastomeres would favor this idea. However, the granules occur most abundantly before cleavage begins, and decrease as eleavage progresses. Another possibility, favored by their position in the blastodisc, their staining reactions, and their numerical variations, is that they are the result of a saturation of the cytoplasmic emulsion with materials derived from the transformation of yolk. During the period before cleavage begins, the yolk is constantly being transformed into cytoplasm which we may assume to differ from the cytoplasm of the blastodise in certain constituents. The cytoplasm of the blastodisc is working cytoplasm, and the new cytoplasm may be thought of as stored cytoplasm. The two are mixed by the incorporation of the new cytoplasm into the blastodisc, and it is in that region of mixture that the reserve granules appear. The periods of maximum transformation of materials for the purpose of providing kinetic energy must coincide with the peiiods of cell division, and long periods of lesser transformation would intervene. In these latter periods an accumulation of certain substances occurs and they are precipitated out in the form of reserve granules, which give staining reactions of yolky and mitochondrial as well as lipin material. It would be most interesting in this connection to know the process of formation of yolk during oSgenesis.
HIBBARI) ('22a) also used cross-activation as a method for the study of the metabolic activites of the cell. Her material consisted of early stages of development of species-activated eggs of Echinarachnius parma and of eggs of E. parma activated by sperm of Arbacia punctulata. The eggs of E. parma are holoblastic, and therefore it is probable that centers of cytoplasm formation are scattered throughout the egg. This is in contrast to the eggs of teleosts ~hich are meroblastic, and in which centers of transformation of nutritive material are localized beneath the blastodise and at the surface of the yolk. In the eggs of E. parma, HIBBARD identified neutral fat, yolk, nutritive plates enclosed in mitochondrial substance, and mitochondria. She believed that the nutritive plates were formed by an accumulation of substances within the mitoehondria. The basis for this belief rested on the results of staining by the BE~])A method. This idea of the accumulation of material by mitochondria is in accord with the eclectosome theory of REGAUD for which I can find no support in the study of the eggs of teleosts. I believe that what Miss HIBBAI~O identified as nutritive material enclosed in mitochondrial substance corresponds, physiologically, to the bodies which I have called reserve granules. The size of the reserve granules in my material precludes their origin from the fine, evenly distributed, granular mitochondi'ia. Nothing in the reactions of HIBBARD'S nutritive plates is inconsistent with my interpretation of the reserve granules. They probably represent the same degree of saturation of the cytoplasm with nutritive material which is temporarily stored up, because the reaction which alters it is not occurring at a rate equal to its formation. I find nothing in my material to support HIBBARD'S interpretation of the formation of mitochondria by direct transformation of the emulsified neutral fat drops. The fact that no scharlach R or other lipin stain was used has made her interpretation of transformation of neutral fat incomplete.
A complete representation of the reactions of the yolk and fatty systems of the fish egg would be as follows: The cross-activated eggs differ from the species-activated in the relative amounts of lipin, reserve granules, staining of ground plasm, and rapidity of yolk transformation. In the F. heteroclitus egg activated by F. ma]alis sperm, the rate of transformation of yolk is increased. The cleavage rate, as in all hybrid telcosts, remains approximately the same, because, as CONKLIN ('12) has pointed out, rate of cleavage depends on an interaction of factors and not on amount of cytoplasm alone. The result is an increase in the staining of the new cytoplasm and the number of mitochondria it contains, and an increase in staining of ground plasm of the blastodisc, all of which indicates an increase in the lipin accumulation. More reserve granules are found where mixing of the old and new cytoplasm takes place. In the F. heteroclitus egg activated by Ctenolabrus sperm, there is an increased rate of transformation of yolk, more reserve granules, greater depth of staining in the cytoplasm, and the lipin accumulation becomes so great that neutral fat is formed in the lipin spheres. The fact that no neutral fat and almost no free tipin is found in the Ctenolabrus egg is suggestive in this connection. In the F. ma]alis egg activated by F. heteroclitus sperm, a striking increase in the rate of transformation of fat occurs, with the result that the cell equilibrium is upset by over-production of lipin. As usual, deep staining of the cytoplasm is associated with this.
On the basis of my interpretation of my results, the cytoplasmic inclusions represent both stages in the metabolic activities of the cell and end products of such activities. They accumulate, and become visible, because their rate of formation is more rapid than their rate of transformation. That, the reactions between the stages are reversible is shown by experimental conditions which cause an increase in the velocity of certain of the reactions and force a readjustment of the cell contents.
GATENBY ('20) has classified the inclusions as "living" and "dead".
He lists (p. 269) mitochondria and GOLGI elements as living because they are "centers of cytoplasmic activity". The yolk and fatty substances are rated as dead because they "are not centers of cytoplasmic activity in the same sense or way as the mitochondria or GONG1 elements". This crassification, from the point of view of nly study, is entirely unjustifiable. HoPKinS ('13, p. 220) has, I believe, expressed the true state of the matter as follows: "On ultimate analysis we can scarcely speak at all of living matter in the cell. 'Life' is a property of the cell as a whole, because it depends upon the organization of processes, upon the equilibrium displayed by the totality of the coexisting phases".
In the observations it was brought out that each of these fish eggs differs more or less from the others in its composition and reactions. The cross-activated eggs of any species differed in one or more reactions from the species-activated eggs. When we recall that we must think of these reactions as the result of enzyme action, it becomes evident that we must attribute the differences to the introduction of different enzymes by the sperm of the foreign species. This bears out TENNENT'S ('20) explanation of the appearance of unusual bodies in the cytoplasm of Arbacia eggs activated by Moira sperm as being due to foreign nuclear enzymes acting on the cytoplasm of the egg.
So much for the identification of the inclusions, their reactions in species-activated eggs, the effects of cross-activation upon their reactions, and their significance. There remains the comparison of the results of this investigation of cytoplasmic activities with the results of the studies of the nuclear activities of these eggs.
PINNEY ('18) agreed with the HERTWIGS ('14) that the development of fish hybrids depended upon interaction of the cytoplasm and the sperm, as well as upon the reactions of the nuclei. She concluded that there were three factors involved and that their relative importance was as follows: first, a '/variable specificity of the effect of the cytoplasm toward the foreign spermatozoSn"; second, "the effect of the cytoplasm on the sperm"; and, third, "the reaction between the two germ nuclei". She found that, if the nuclear behavior was abnormal, development was more successful if widely different species were crossed. If the mitotic behavior was normal, development was more successful if the parents were closely related. That is, she argued that abnormal early mitosis indicated that the cytoplasm was unfavorable to the sperm and would counteract the influence of its chromatin on the chromatin of the egg. In the cross between the egg of F. heteroclitus and the sperm of Ctenolabrus, mitosis becomes abnormal at the second cleavage, and there are aclvanced embryos of the maternal type. In the reciprocal cross, the early mitoses are normal, and development ceases during gastrulation. My observations show that in the first case the cytoplasmic equilibrium is upset by the foreign enzymes, and in the second the cytoplasmic inclusions are practically unchanged.
However, if abnormal mitosis is to be correlated with upset of the cytoplasmic equilibrium, both of the crosses between the two species of Fundulus should show abnormal nuclear behavior. Unfortunately, the nucleus of this cross has not been studied. If Miss PINNEY'S tentative hypothesis is correct, we should expect abnormal development in Fundulus hybrids, whereas, in one case, they hatch normally, and, in the other, they develop up to the time of hatching. during gastrulation. It must be noted, however, that the upset of the equilibrium is in every case caused by a hastening of the processes which make the end products of storage (neutral fat and yolk) more available for use. It is not to be expected that such a state of upset equilibrium would hinder or check development. It seems possible that there might be cases in which the enzymes introduced by the foreign sperm would be unable to split the nutritive materials of the egg, and in such cases, development would go only as far as the enzymes of the egg could accomplish the splitting of these stored foods. There is evidence from both normal and artificial parthenogenesis that the egg contains all the enzymes necessary to provide energy for its development. This would be expected because the reserves were synthesized in the egg and all enzyme action is reversible. Does this work offer any explanation of the fact that all the advanced embryos are of the maternal type, that development ceases in many cases, and that the results of reciprocal crosses are unlike? I believe that a consideration of the crosses between F. ]~eteroclitus and Ctenolabru8 offers a possible explanation. When Fundulus is the egg parent, the yolk is transformed more rapidly but the lipin released by this process is not used, and this lipin accumulates to such an extent that some of it is converted into neutral fat. Now the Ctenolabrus egg contains very little lipin in comparison with the Fundulus egg, and the central mass of nutritive material is of very different composition from the yolk of Fundulus. We know that there is an increase in chromatin content during cleavage. Is it not reasonable, in view of what is known concerning the specificity of enzyme action, to assume that the synthetic enzymes of the Ctenolabrus sperm are unable to build up Ctenolabrus chron,atin out of material which is presented by the transformation of Fundulus yolk? Such a failure of chromatin synthesis would result in a decrease of male chromatin, the remains of which might, or might not, lag on the spindle and be eliminated. In either event a maternal embryo would result. The case of the Ctenolabrus egg activated by the Fundulus sperm, where the early mitoses are normal and development ceases during gastrulation, might, by a similar line of reasoning, be explained by assuming that the synthetic enzymes of the male nucleus used up all of the lipin content of the Ctenolabrus egg in the formation of new Fundulus chromatin, ~ith the result that a necessary source of energy failed during gastrulation.
There is not enough material to test this idea, but the suggestion made is briefly this. The progress of development lies in an interaction between enzymes that break down food materials and those that build up the specialized cell constituents such as chromatin. The reaction of the cytoplasm and a foreign sperm might be such that the reserve food materials contained the necessary elements for chromatin synthesis by the foreign enzyme, and in such ~ case, mitosis would be normal and the full complement of male and female chromatin would be present. The synthesis of the male chromatin might result in a complete drainage of one or more resources of the cytoplasm and de-velopment would fail for that reason. Another possibility is that the cytoplasm of the egg might not contain the materials necessary for the elaboration of male chromatin, and in such cases, the male chromatin would decrease in quantity, elimination would probab]y occur, and an advanced embryo of maternal type would result.
Whether this is the explanation or not, the fact remains that successful fertilization and development consist in reactions between the nucleus and cytoplasm. The cytoplasm must furnish the materials out of which the nuclear constituents are maintained, and in the nucleus are certain highly specialized cell reserves which are correlated with inheritance. The observations in this paper have definitely sho~m that the male nucleus carries in enzymes which can alter the rate of transformation of materials stored in the cytoplasm. All of the evidence indicates that the nuclear enzymes are also responsible for the synthesis of the nuclear constituents. The cytoplasm is the substrate upon which the nuclear enzymes react to maintain the cell equilibrium as far as the nucleus is concerned. It is not the "variable specificity of the effect of the cytoplasm toward the foreign sperm," as Miss 1)INNEY expresses it, that causes the difference in the results of activation of the same egg by different sperm. It is not, I believe, that the male chromatin or nuclear enzymes are altered by contact with foreign cytoplasm, but the fact that there is a specificity in the materials needed for the building up of the male nuclear reserves. In some cases, the cytoplasm fails to offer the necessary substances, the male chr.omatin diminishes, and a maternal embryo results. In other cases, the cytoplasm contains the materials for male chromatin elaboration, but the use of these materials for this purpose drains the resources of the cytoplasm and causes a failure of development.
Conclusions.
1. The cytoplasmic inclusions of the eggs of teleosts can be most logically interpreted as representing both stages in the metabolic activities of the cytoplasm and end products of such activities.
2. The mitochondria are the result of the typical cytoplasmic equilibrium with respect to content of phospholipin which is combined with protein.
3. The activation of the egg by a foreign sperm introduces foreign enzymes which cause a hastening of the transformation of certain of the cytoplasmic inclusions. 4. It may be possible to explain the development of hybrids on the assumption that the cytoplasm of the egg does not contain materials which are necessary for the maintenance of the supply of foreign chro-
